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20.  ABSTRACT  (cont. ) 

Three  tapered  models  were  evaluated  for  the  first  time  in  this  experi¬ 
ment  to  determine  the  sensitivity  of  jet  flow  to  the  degree  of  taper. 
Several  asymmetries  were  tested, including  a  model  of  the  LOS  pipe  planned 
for  HURON  LANDING. 

In  addition  to  the  tapered  LOS  models,  straight  LOS  pipe  models  were 
tested  with  various  internal  helix  and  ring  asymmetries  to  provide  further 
insight  into  the  mechanisms  that  maJce  these  particular  designs  so  effective 
in  attenuating  the  penetrating  jet  material. 

Aluminum  witness  plates  at  the  end  of  the  tapered  LOS  pipe  models 
showed  ring-like  penetration  craters, increasing  in  diameter  with  increasing 
pipe  taper.  The  volume  of  the  target  craters  was  almost  constant,  even 
when  the  taper  angle  was  increased  by  a  factor  of  four,  and  this  volume  was 
within  the  spread  of  volumes  measured  on  witness  plates  from  straight  pipe 
models.  Th4  addition  of  a  helix,  including  that  of  the  HURON  LANDING  con¬ 
figuration,  reduced  crater  damage;  however,  the  benefit  was  not  as  dramatic 
as  that  observed  for  straight  pipes,  and  it  decreased  as  the  taper  angle 
increased.  Crater  damage,  ring-like  for  tapered  models  without  helical 
asymmetries,  was  more  eucial  when  helices  were  used. 

Experimental  results  for  straight  tube  LOS  models  indicated  that 
asymmetries  firmly  attached  to  the  inside  walls  of  the  model  were  not  as 
effective  in  attenuating  the  jet  flow  as  loose  asymmetries.  Ring  asym¬ 
metries  do  not  appear  to  be  as  effective  as  helical  asymmetries. 

The  model  correlated  with  the  four  previous  experiments  showed  an 
unexpected  absence  of  target  penetration,  though  active  instrumentation 
indicated  normal  performance.  Pretest  difficulties  suggested  that  the 
model  may  have  contained  water  vapor  and  possibly  some  liquid. 
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SECTION  1 


INTRODUCTION 


1.1  BACKGROUND 

The  line-of -sight  (LOS)  pipe  flow  observed  on  underground 
nuclear  test  (UGT)  experiments  fielded  by  the  Defense  Nuclear 
Agency  (DNA)  consists  of  at  least  three  parts;  (1)  a  plasma 
pulse  recorded  very  close  to  zero  time,  (2)  a  later  time  plasma 
jet,  and  (3)  a  jet  of  particulate  or  mixed  phase  material.  The 
latter  two  parts  are  caused  by  the  ground-shock-induced  collapse 
of  the  LOS  pipe.  These  jets  are  of  concern  in  the  DNA  UGT 
containment  program  because  they  can  severely  damage  LOS  pipe 
closure  mechanisms.  Elimination  or  substantial  suppression  of 
the  jets  would  protect  close-in  experiment  stations  from  blast 
and  high  velocity  debris,  and  would  generally  further  enhance  the 
containment  prospects  for  LOS  events. 

Physics  International  Company  is  conducting  an  effort  to 
test  LOS  pipe  designs  in  laboratory  experiments.  The  objectives 
of  these  experiments  are  to;  (1)  examine  formation  of  the  LOS 
pipe  ground-shock-induced  collapse  jet,  (2)  determine  ways  of 
minimizing  or  inhibiting  jet  formation,  and  (3)  test  the  effec¬ 
tiveness  of  various  LOS  pipe  designs  in  attenuating  jetted 
flow.  Work  to  date  has  used  only  thin,  stainless  steel,  straight 
tubes  to  represent  LOS  pipes  to  minimize  geometry  variables  and 
reduce  fabrication  complexities.  Up  to  26  pipe  models  have  been 
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embedded  in  saturated  sand  around  a  sphere  containing  high 
explosive  in  each  experiment.  Detonation  of  this  explosive 
causes  the  pipes  to  collapse  and  to  form  jets. 

Significant  results  from  previous  experiments  (References  1 

through  3)  have  shown  that  straight  LOS  pipe  models  always  form 

jets  when  collapsed  by  the  shockwave  in  the  surrounding  sand. 

★ 

The  collapse  process  appears  to  stop  producing  penetrating  jets 
when  60  cm  or  more  of  the  LOS  model  are  plugged.  The  first  60  cm 
of  LOS  pipe  length  is  referred  to  as  the  "source,"  or  jet¬ 
generating  region  of  the  model.  Although  most  models  are  evac¬ 
uated  to  a  vacuum  of  a  few  microns,  models  at  atmospheric  pres¬ 
sure  produce  similar  results.  These  models  are  referred  to  as 
"standard"  models  without  asymmetries.  If  the  LOS  model  wall 
thickness  is  increased,  more  energetic  jets  are  produced. 

To  date  we  have  been  unsuccessful  in  determining  practical 
techniques  to  inhibit  formation  of  these  jets  by  asymmetrical 
design.  Materials  of  different  densities  were  added  to  the  out¬ 
side  of  the  pipe  in  many  different  configurations  to  alter  the 
direction  of  wall  collapse  or  to  redirect  the  resulting  jet  into 
the  pipe  wall,  but  without  promising  results. 

The  addition  of  spiral  ribbons  (helices)  to  the  inside  sur¬ 
face  of  the  tube  proved  effective  in  attenuating  the  penetrating 


The  primary  method  for  determining  the  strength  of  the 
penetrating  jet  has  been  to  measure  the  depths  and  volumes  of 
penetration  craters  formed  in  thick  aluminum  targets  placed  at 
the  end  of  each  LOS  pipe  model. 


jet.  The  attenuation  mechanism  appears  to  be  independent  of  the 
material  (steel,  lead,  or  plastic)  used  for  the  helix  and  is 
still  effective  when  the  helix  thickness  is  reduced  to  that  of 
the  tube  wall  thickness.  The  helix  is  still  effective  when  a 
short  helix  is  located  in  the  tube  well  beyond  the  collapse 
region  where  penetrating  jets  are  formed  —  the  "flow"  »'®gion  of 
the  pipe  . 

1.2  EXPERIMENT  OBJECTIVES 

The  principal  objectives  of  this  effort  were  to:  (1)  evalu¬ 
ate  the  jet  energy  produced  by  tapered  LOS  pipe  models,  more 
closely  simulating  LOS  pipes  fielded  on  UGT  experiments,  (2)  de¬ 
termine  whether  the  use  of  helical  asymmetries  placed  on  the 
inside  surface  of  these  tapered  pipes  is  as  effective  as  was 
observed  for  straight  pipes,  including  a  helical  asymmetry  design 
installed  in  HURON  LANDING  LOS  pipe,  and  (3)  continue  to  increase 
the  database  on  helical  asymmetries  in  straight  pipes  to  help 
resolve  the  phenomenology  of  jet  generation  and  attenuation. 
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SEaiON  2 


DESCRIPTION  OF  EXPERIMENT  (LS-5) 


2.1  CONCEPT 


The  LS-5  experiment  was  devised  to  simulate  conditions  that 
exist  during  the  collapse  of  a  line-of-sight  (LOS)  pipe  in  an 
underground  nuclear  test  (UGT).  This  experiment  consisted  of  20 
small  steel  tubes  positioned  radially  around  a  sphere  containing 
liquid  high  explosive  and  embedded  in  saturated  sand.  The  tubes, 
explosive,  and  sand  represented,  respectively,  the  LOS  pipes,  the 
nuclear  device,  and  the  geological  medium  in  a  UGT.  Configura¬ 
tion  of  this  experiment  is  shown  schematically  in  Figure  1. 
Individual  components  of  the  experiment  are  described  below. 

2.2  EXPERIMENTAL  APPARATUS 

2.2.1  Explosive  Source.  The  explosive  source  is  shown  in 
Figure  2.  Approximately  136  kg  of  liquid  nitromethane  was  con¬ 
tained  in  a  61 . 0-cm-diameter  fiberglass  sphere.  This  explosive 
has  a  detonation  pressure  of  14  GPa  (140  kbar),  comparable  to  the 
calculated  peak  free-field  radial  stress  at  a  range  of  interest 
for  a  nuclear  event  such  as  MIGHTY  EPIC. 

A  booster  assembly  initiated  detonation  in  the  nitromethane 
at  the  center  of  the  sphere.  It  was  placed  into  position  through 
a  vertical  fill  tube  at  the  top  of  the  sphere.  The  booster 


(a) 


(b) 


Fijjurc  1.  Spherical  high  explosive  experiment  for  investigating  the 
effects  of  asymmetries  in  the  LS-5  experiment  :  (a  1  plan 
view,  and  (h)  cross  section. 


Figure  2.  Explosive  source  used  in  LS-5. 


assembly  was  an  explosive  train  consisting  of  a  composition  C-4 
explosive  molded  into  a  small  sphere,  a  1 . 25-cm-diameter  tetryl 
pellet  located  at  the  center  of  the  sphere,  and  a  length  of  mild 
detonating  fuse  (MDF)  that  extended  beyond  the  top  of  the  fill 
tube.  The  detonation  sequence  in  the  explosive  train  was  initi¬ 
ated  by  an  RP-80  exploding  bridgewire  detonator  located  at  the 
end  of  the  fuse . 

When  the  test  was  first  conducted,  the  detonator  fired  and 
ignited  the  MDF,  but  the  MDF  failed  to  ignite  the  booster  assemb¬ 
ly.  The  nitromethane  was  drained  from  the  sphere,  the  booster 
assembly  was  rebuilt  with  the  detonator  placed  directly  in  the 
center  of  the  booster,  and  the  length  of  MDF  was  eliminated. 

This  alternate  configuration  successfully  detonated  the  nitro¬ 
methane  . 

2.2.2  LOS  Models .  The  standard  straight  models  were  fab¬ 
ricated  from  19-mm-diameter,  0  .305-mm- thick  welded  and  drawn  AISI 
321  stainless  steel  tubes  (Military  Specification  T-8808).  The 
tapered  tubes  were  fabricated  by  forming  flat  sheets  of  0.305-mm- 
thick  sheets  of  321  stainless  steel  into  cones  of  the  desired 
angle,  and  electron-beam  welding  the  seam.  After  the  tubes  were 
cut  to  the  desired  length  a  steel  plug  was  bonded  onto  the  end  of 
the  tube  facing  the  explosive  sphere.  An  aluminum  flange  bonded 
onto  the  opposite  end  of  each  tube  supported  a  thin  Mylar  dia¬ 
phragm  and  vacuum  port.  Aluminum  targets  were  placed  against  the 
flange  of  each  model . 

As  shown  in  Figure  1,  the  models  were  designated  either  by 
title  or  by  a  model  number,  which  was  also  the  position  around 


the  explosive  sphere.  Twenty  LOS  models,  located  in  the  hori¬ 
zontal  midplane  of  the  sphere,  were  inserted  into  precisely 
located  Lucite  positioning  rings  on  the  surface  of  the  explosive 
sphere  and  carefully  aligned  perpendicular  to  this  surface. 

2.2.3  Test  Bed .  The  saturated  sand  test  bed  was  contained 
in  a  cylindrical  steel  tank.  The  tank  was  formed  by  rolling  and 
welding  a  6.4-mm-thick  steel  plate  into  a  2.44-meter-diameter 
steel  cylinder  and  reinforcing  the  top  and  bottom  of  the  tank 
with  U-channel .  The  tank  then  was  placed  on  a  concrete  pad.  The 
LOS  models  and  instrumentation  lines  were  positioned  radially 
from  the  explosive  sphere,  located  at  the  center  of  the  tank  (see 
Figure  3a) . 

The  test  bed  was  prepared  by  carefully  pouring  sacks  of 
Monterey  sand  into  water  controlled  by  a  water  distribution 
system  around  the  perimeter  of  the  tank  bottom.  The  water  dis¬ 
tribution  system  consisted  of  perforated  plastic  tubing  in  a  bed 
of  pea-sized  gravel.  Care  was  taken  to  maintain  a  thin  slurry  of 
sand  and  water  in  the  tank  at  all  times.  The  slurry  was  hand- 
mixed  to  assure  thorough  wetting  of  the  sand  grains  and  to  avoid 
trapping  of  air  bubbles.  Figure  3b  shows  the  experimental  setup 
after  the  tank  has  been  filled  with  sand. 

The  instrumentation  for  determining  the  time-of-arrival 
(TOA)  of  the  shock  wave  in  the  saturated  sand  was  located  at 
positions  0  and  180  deg  (Figure  2).  Similarly,  the  horizontal 
plane  of  positions  90  and  270  degrees  contained  the  flange  joint 
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for  the  two  fiberglass  hemispheres  that  formed  the  explosive 
sphere.  The  flange  was  oriented  at  a  45  degree  angle  with 
respect  to  the  horizontal  plane. 

2.3  LOS  MODEL  DESCRIPTION 

The  LOS  pipe  models  used  in  this  experiment  are  listed  in 
Table  1  and  pictured  in  Figure  4.  Two  similar  models  were  tested 
when  penetrating  jets  were  expected  because  of  the  large  scatter 
in  penetration  data  obtained  in  previous  experiments.  The  table 
provides  a  brief  description  of  each  model,  its  position  in  the 
test  bed,  the  relevant  dimensions  of  the  models,  and  the  salient 
dimensions  of  any  asymmetries  included  in  the  model.  The  config¬ 
uration  and  nomenclature  for  the  helical  and  ring  asymmetries 
used  in  this  experiment  are  shown  in  Figure  5.  Three  taper  half¬ 
angles  were  used.  The  baseline  half-angle  (standard  taper)  was 
0.375  degrees.  The  other  two  angles  were  2  times  and  4  times  this 
angle,  or  0.75  degrees  and  1.5  degrees,  respectively.  The  20 
models  can  be  categorized  by  technical  objective  as  described  in 
the  following  subsections. 

2.3.1  Reproducibility  of  a  Standard  Model  (Model  1).  One 
standard  model  with  a  straight  tube  and  no  asymmetry  was  used  as 
a  baseline  to  compare  its  results  with  eight  similar  models  used 
in  four  previous  experiments  (LS-1  through  -4). 


2. 3. 2  Tapered  Pipes  Without  Asymmetries  (Models  2,  3,  5,  6, 
8 ,  and  9 ) .  Three  pipe  tapers  were  selected  to  test  whether  these 
pipes  would  produce  jets  and  craters  similar  to  those  observed  in 


previous  experiments  with  straight  tubes.  A  tube  half -angle  of 
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MODEL 

No. 


MODEL  CONFIGURATION 


MODEL  DESCRIPTION 


19  mm 


STD  STRAIGHT  TUBE 

2/3X  STD  STRAIGHT  TUBE  DIA. 

STD  TUBE/SOLID  RINGS 

STD  TUBE/SOLDERED  WIRE  HELIX 

STD  TUBE/SOLDERED  HELIX 

STD  TUBE/LOOSE  RINGS 

STD  TUBE/EXPANSION  CHAMBER  &  RINGS 

STD  TAPER  (0.375°  HALF  ANGLE) 

STD  TAPER/HELIX^ 

STD  TAPER/HURON  LANDING  HELIX 

STD  TAPER/EXT.  LEAD-FOAM  HELIX 

2X  STD  TAPER  (0.75°  HALF  ANGLE) 

2X  STD  TAPER/HELIX 
2X  STD  TAPER/LOOSE  RINGS 

4X  STD  TAPER  (1.5°  HALF  ANGLE) 

4X  STD  TAPER/HELIX 


Figure  4.  Pictorial  configuration  of  moch'ls  u.scci  in  the  L.S-,')  experiment . 


17 


PITCH  DISTANCE 


WIDTH 

(15.9  mm 

(a) 

Configuration  of  the  standard  helix  asymmetry 

THICKNESS 

PITCH  DISTANCE 

(0.4  mm) 

M - 

— (50.8  mm) - 

— 

WIDTH 

(1 5.9  mm) 


18 


0.375  degrees  was  selected  as  the  "standard"  taper,  closely 
representing  the  angle  typically  used  for  LOS  pipes  in  UGTs 
(Models  2  and  3).  To  evaluate  the  sensitivity  of  jet  formation 
to  the  pipe  taper  angle,  two  larger  half-angles  of  0.75  (2X)  and 
1.5  (4X)  degrees  were  used  for  Models  5  and  6,  and  8  and  9, 
respectively. 

2.3.3  Tapered  Pipes  with  Internal  Asymmetries  (Models  4,  7, 
10 ,  11 /  and  19 ) .  Helices  were  used  in  models  with  the  three 
different  tapers  (standard  taper,  2X  standard  taper,  and  4X 
standard  taper)  to  determine  if  helices  were  as  effective  in  jet 
attenuation  as  they  were  in  straight  pipes.  The  helices  were 
used  for  the  full  length  of  the  models. 

Model  11  incorporated  a  full-length  ring  asymmetry  in  a  2X 
tapered  tube  to  determine  whether  rings  would  be  as  effective  as 
the  helical  configuration.  Model  11  would  be  compared  to 
Model  7.  Simpler  fabrication  techniques  possibly  would  favor 
ring  configurations  if  they  are  as  effective  as  helices. 

A  helix  is  installed  in  the  LOS  pipe  for  HURON  LANDING. 

Model  19  was  a  close  representation  of  that  helical  design; 
results  of  this  test  showed  that  this  helix  design  was  as 
effective  as  the  standard  helix  in  a  tapered  pipe  in  attenuating 
the  penetrating  jet. 


2.3.4  External  Helical  Asymmetry  (Model  20).  One  model. 
Model  20,  incorporated  an  external  helical  asymmetry  to  further 
evaluate  whether  jet  formation  could  be  sufficiently  altered  or 
disrupted  that  the  high  energy  jet  flow  would  be  reduced.  On  the 


outside  of  a  2X  tapered  pipe,  a  6.35-mni  square  lead  bar  was 
spirally  wrapped  with  a  6.35-min  spacing  between  wraps  (12.7-mni 
pitch).  The  void  spacing  was  filled  with  low  density  foam.  Thi 
configuration  was  designed  to  determine  if  large  areal  density 
variations  in  the  wall  thickness  might  totally  prevent  jet  forma 
tion  or  at  least  direct  the  jet  into  the  pipe  wall. 

2.3.5  Asymmetry  Sensitivity  to  Method  of  Attachment 
(Models  12,  13,14,  15,  and  16).  From  work  performed  to  date,  a 
thin  helical  or  ring  asymmetry  of  a  specific  design  loosely 
placed  in  the  flow  region  (near  th^e  target)  of  a  straight  pipe  is 
shown  to  be  very  effective  in  almost  totally  eliminating  the 
high-energy  jet.  There  was  little  knowledge  about  whether  asym¬ 
metry  width  or  attachment  method  would  alter  performance.  The 
remaining  models  in  this  experiment  were  designed  to  answer  some 
of  these  questions  and  provide  a  better  understanding  of  the 
attenuation  mechanism.  Figure  6  details  each  model's  particular 
asymmetries.  Model  14  incorporated  the  previously  successful 
standard  stainless  steel  helix  design  except  that  the  helix  was 
soldered  to  the  wall  of  the  pipe.  This  model  would  test  whether 
the  nondamaging  gas  flow  ahead  of  the  high  energy  jet  caused  the 
helix  to  tip  towards  the  axis,  more  effectively  intercepting  the 
jet . 

Model  13  used  a  wire  wound  into  a  helix  to  determine  whether 
the  width  of  the  helix  is  important.  The  wire  diameter  was  the 
same  thickness  as  the  standard  helix  (0.4  mm)  wound  with  the 
standard  pitch  (50.8  mm)  and  was  soldered  to  the  inside  surface 
of  the  tube . 
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Models  15  and  12  used  both  loose  rings  and  firmly  attached 
rings  to  further  evaluate  the  question  of  attachment  method  and 
also  provide  additional  data  regarding  the  effectiveness  of  rings 
compared  to  helices. 

The  final  model.  Model  16,  was  used  to  provide  some  under¬ 
standing  of  why  a  ring  asymmetry  placed  in  a  flow  region  expan¬ 
sion  chamber  of  the  LS-4  experiment  was  not  effective  in  attenu¬ 
ating  the  jet.  A  possible  explanation  was  that  the  inside 
diameter  of  the  ring  was  the  same  diameter  as  the  pipe;  there¬ 
fore,  the  jet  was  not  intercepted  by  the  rings  if  it  continued  in 
a  straight  line  through  the  chamber.  For  this  test  the  ring 
diameter  was  decreased  so  that  it  protruded  into  the  cross 
section  of  the  tube  the  same  amount  as  standard  loose  asymmetries 
inserted  into  the  pipe. 

2.3.6  Two-Thirds  Diameter  Models  (Models  17  and  18).  To 
evaluate  whether  the  target  damage  would  scale,  two  models  (17 
and  18)  were  tested  with  tubes  two-thirds  the  diameter  of  the 
standard  1.9-cm  diameter  tubes.  The  wall  thickness  was  reduced 
from  the  standard  of  0.31  mm  to  0.25  mm,  not  quite  two- thirds  but 
as  close  as  could  be  obtained  with  commercial  tubing.  The 
standard  1-meter  tube  length  was  maintained. 

2.4  MEASUREMENTS 

The  active  instrumentation  used  in  this  experiment  was 
directed  at  determining  the  time  at  which  the  detonation  reaches 
the  inside  surface  of  the  fiberglass  sphere,  the  trajectory  of 
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the  spherically  divergent  shock  wave  in  the  saturated  sand,  pres¬ 
sure  generated  inside  the  models,  the  velocity  of  the  jets 
generated  in  the  LOS  models,  and  the  rate  at  which  the  jet  pene¬ 
trates  the  aluminum  target  of  several  models. 

Aluminum  targets  were  placed  at  the  ends  of  all  models  to 
provide  passive,  terminal  evidence  of  the  energy  and  momentum 
contained  in  the  jet. 

2.4.1  Detonation  Wave.  Four  ionization  pins  were  located 
on  opposite  sides  of  the  inside  surface  of  the  explosive  sphere 
to  measure  the  time  at  which  the  detonation  wave  reaches  this 
interface.  The  purpose  of  this  measurement  was  to  assure  that 
the  detonation  was  spherically  symmetrical  about  the  point  of 
initiation  prior  to  the  detonation  entering  the  saturated  sand 
surrounding  the  models. 

2.4.2  Shock  Wave  in  Test  Bed.  The  trajectory  of  the 
spherically  divergent  shock  wave  in  the  saturated  sand  test  bed 
was  determined  from  TOA  measurements.  These  measurements  were 
obtained  from  the  response  of  two  radial  lines  of  seven  piezo¬ 
electric  pins  placed  in  the  saturated  sand  on  opposite  sides  of 
the  explosive  sphere.  The  pins  were  located  in  the  horizontal 
midplane  of  the  sphere  and  extended  from  32.5  to  107.5  cm  from 
the  center  of  the  sphere.  The  first  pin  of  each  radial  line  was 
located  1.5  cm  from  the  inside  surface  of  the  explosive  sphere. 
The  intervals  between  the  first  and  second  pins  and  between  the 
second  and  third  pins  were  5  and  10  cm,  respectively.  Thereafter 
the  interval  between  pins  was  15  cm. 
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2.4.3  Jet  Velocity.  Instrumentation  for  determining  jet 
velocity  was  included  on  three  models  —  the  standard  (Model  1), 
the  2X  taper  model  (No.  6) /  and  the  2X  taper  model  with  helix 
(No.  7).  The  instrumentation  consisted  of  five  ionization  pins 
placed  through  the  walls  of  the  models  at  5-cm  intervals  and 
extending  from  65  to  85  cm  from  the  steel  plug  on  the  end  of  the 
model  nearest  the  explosive  sphere.  The  geometry  for  the  ioniza¬ 
tion  pin  instrumentation  is  shown  in  Figure  7  along  with  a  photo¬ 
graph  of  a  tube  with  the  pins  attached. 

Impact  switches  attached  to  the  front  of  13  targets  measured 
TOA  of  the  ionized  gas  flow  and  the  subsequent  flow  that  produced 
target  damage.  These  switches  consisted  of  a  sandwich  of  two 
aluminum  foils  separated  by  thin  Mylar  sheets.  A  6-mm-diameter 
hole  was  cut  in  the  first  Mylar  sheet,  exposing  it  to  the  LOS 
pipe  interior  so  that  any  ionizing  flow  would  short  out  the 
charged  foil  to  the  pipe  wall,  producing  a  signal.  The  second 
foil  does  not  produce  a  signal  until  the  0. 076-mm- thick  Mylar  is 
penetrated.  The  configuration  of  these  impact  switches  is  shown 
in  Figure  8. 

2.4.4  Jet  Pressure.  To  measure  the  magnitude  of  the  pres¬ 
sure  generated  by  the  flow  within  the  pipe,  pressure  gages  were 
placed  in  the  target  mounting  flanges  (see  Figure  9)  of  three 
targets.  Redundant  gages  helped  confirm  that  the  pressure  gages 
were  recording  reproducible  data.  A  5-cm  column  of  oil  separated 
the  gage  from  the  inner  pipe  wall  for  ease  of  mounting  and  to 
provide  temperature  and  shock  isolation.  The  13-mm  gage  port 
distance  from  the  target  face  allows  observation  of  the  pressure 
wave  before  and  after  reflection  from  the  target  face.  The  gage 


Figure  8.  Instrumentation  used  for  measuring  the  jet  TOA  at  the 

target  face  and  jet  penetration  and  stress  within  the  target 


Figure  9  (  i 'riliiiiir.'i'iion  of  tyi'i'M!  iiuiui',; 
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used  for  these  measurements  was  a  PCB  Model  109A  piezoelectric 
pressure  gage*  ( PZ  gage)  with  a  dynamic  range  of  0  to  550  MPa  (0 
to  5.5  kbars) . 

2.4.5  Rate  of  Target  Penetration.  Using  the  configuration 
shown  in  Figure  8,  the  aluminum  targets  of  three  LOS  models  con¬ 
tained  TOA  instrumentation  to  investigate  the  rate  of  jet  pene¬ 
tration.  Six  UT  85  coaxial  cables  were  placed  in  small,  tight- 
fitting  holes  drilled  through  the  centerline  of  the  target. 
Successive  coaxial  cables  short  out  as  the  jet  penetrates  the 
target . 

2.4.7  Target  Damage.  Measurement  of  the  depth  and  diameter 
of  the  craters  produced  in  aluminum  targets  provided  passive 
evidence  of  the  energy  and  momentum  in  the  jets.  The  targets 
were  20-cm-diameter  6061-T6  aluminum  cylinders  with  a  length  of 
30  cm.  They  were  supported  on  brackets  welded  to  the  outside  of 
the  steel  test  bed  tank  and  positioned  against  the  vacuum  flange 
that  enclosed  the  exit  end  of  each  LOS  pipe  model . 


SECTION  3 


EXPERIMENTAL  RESULTS 


When  this  experiment  was  initially  fired,  the  mild  detonat¬ 
ing  fuse  (MDF)  firing  train  failed  to  detonate  the  main  booster 
charge  of  composition  C-4  and  ni trome thane  .  Inspection  of  the 
experimental  setup  revealed  that  some  targets  that  were  not 
firmly  attached  to  the  line-of-sight  (LOS)  models  were  displaced 
a  few  centimeters.  The  sphere  containing  the  nitromethane  showed 
a  small  leak  near  the  top  where  the  booster  assembly  was 
attached.  Our  initial  assessment  was  that  the  damage  was  minimal 
and  the  test  could  be  reconducted  with  a  revised  booster  assemb¬ 
ly,  which  eliminated  the  use  of  MDF.  The  explosive  sphere  was 
repaired  and  test  preparations  restarted,  just  prior  to  refiring 
the  test,  the  vacuum  of  two  models  (Model  1  and  20)  was  found  to 
be  very  poor  because  of  water  intrusion.  As  many  of  the  targets 
as  practical  were  removed  and  the  internal  LOS  pipe  conditions 
noted.  The  data  relating  to  the  performance  of  tapered  pipes 
were  needed  in  timely  manner  and,  since  the  vacuum  of  these 
models  was  satisfactory,  the  test  was  continued  without  further 
model  repair  and  was  successfully  fired. 

3.1  DETONATION  WAVE 

The  two  ionization  pins  on  the  inside  surface  of  the  fiber¬ 
glass  sphere  showed  a  0.2-us  difference  in  the  times  at  which  the 
detonation  wave  arrived  at  four  sides  of  the  sphere .  Assuming 
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the  detonation  velocity  in  the  nitromethane  was  0.6  cm/us,  a 
0.2-us  difference  in  arrival  times  would  imply  that  the  detona¬ 
tion  wave  on  one  side  of  the  sphere  was  leading  the  opposite  side 
by  0.12  cm.  This  timing  difference  is  probably  due  to  the  in¬ 
ability  to  maintain  the  shape  of  the  thin-walled  fiberglass 
sphere  when  it  is  filled  with  136  kg  of  a  liquid  and  covered  with 
saturated  sand.  Therefore,  for  all  practical  purposes,  the 
detonation  was  quite  symmetrical. 

3.2  SHOCK  WAVE  IN  TEST  BED 

The  TOA  data  for  the  spherically  divergent  shock  wave  along 
the  two  PZ  pin  diagnostic  lines  are  shown  in  Figure  10.  The  data 
for  the  two  lines  are  almost  identical,  providing  good  confidence 
in  the  reliability  of  values  obtained.  The  data  also  suggest 
that  the  test  bed  was  fully  saturated,  and  were  similar  to  the 
LS-2/  LS-3,  and  LS-4  experiment  test  bed  data  shown  in  Figure  11. 

3  .3  JET  VELOCITY 

The  TOA  data  obtained  from  the  ionization  pins  located  in 
the  sidewalls  of  the  three  models  with  this  instrum.entation  were 
quite  good.  The  trajectories  of  the  best  estimated  data  for  the 
three  models  with  jet  velocity  pins  are  shown  in  Figures  12 
through  14.  The  target  foil  switch  data  and  penetration  data 
also  are  shown  in  these  plots. 

The  first  TOA  signal  from  the  target  switch  appears  to  fit 
quite  consistently  with  the  jet  velocity  data.  There  was  very 
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Figure  12.  Detonation,  .shock,  and  jet  trajectories  for  .Model  1  ( L.S-.51. 
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little  correlation  between  these  types  of  data  for  Model  1  in  the 
LS-4  experiment.  The  high  jet  velocity  of  1.2  cm/ us  reported  for 
the  standard  model  in  that  experiment  may  be  suspect. 

The  second  set  of  TOA  pin  data  for  Model  6  does  not  appear 
to  correlate  with  the  time  of  target  penetration,  as  was  also 
observed  in  the  LS-4  experiment.  As  can  be  seen  in  Figure  13, 
the  second  foil  switch  reports  much  earlier  than  the  first  pene¬ 
tration  pin  would  suggest  it  should  have.  The  Mylar  thickness 
should  probably  be  increased  slightly  in  this  instrumentation  to 
provide  a  valid  TOA  of  the  penetrating  jet. 

The  target  foil  TOA  data  are  given  in  Table  2.  The  data  do 
not  show  a  consistent  trend  that  could  be  used  to  evaluate  model 
performance  or  the  effectiveness  of  asymmetries,  particularly 
when  the  time  differences  between  the  first  and  second  signals 
are  compared,  again  confirming  that  the  second  TOA  of  the  switch 
does  not  produce  meaningful  data. 

3.4  JET  PRESSURE 

Two  quartz  pressure  gages  were  located  in  the  LOS  model 
target  mounting  flanges  of  three  targets  to  record  jet  pres¬ 
sure.  Unfortunately  the  data  from  the  LS-4  experiment  had  not 
been  reduced  when  this  experiment  was  conducted.  From  the  LS-4 
data  we  concluded  that  these  pressure  data  are  difficult  to 
interpret  and  may  be  of  somewhat  limited  value  due  to  pipe  expan¬ 
sion,  pressure  loss  at  the  point  where  the  flange  mounts  to  the 
target,  and  the  use  of  the  5-cm-long  oil-filled  column. 
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Two  redundant  gages  were  used  on  each  target  to  verify  that 
similar  pressure  signals  would  be  recorded  at  the  same  monitoring 
location,  but,  as  can  be  seen  from  the  gage  signals  shown  in  Fig¬ 
ure  15,  that  was  not  the  case.  Quite  different  pressure  signals 
were  recorded,  even  from  the  gages  located  on  the  same  target. 

Any  future  tests  with  these  pressure  gages  should  have  the  gages 
remounted  to  eliminate  the  possibility  of  early  pressure  loss. 

3.5  TARGET  RATE  OF  PENETRATION 

The  target  pins  yield  few  data  about  the  penetration  rate 
because  of  the  small  amount  of  target  penetration  that  occurred 
on  the  instrumented  models.  The  target  used  for  Model  1  (stand¬ 
ard  straight  pipe)  showed  no  penetration,  as  will  be  discussed  in 
the  next  section.  The  target  for  Model  2  (standard  taper)  showed 
a  total  penetration  of  only  3 .5  cm  and  only  three  signals  were 
recorded.  The  final  target  instrumented  with  these  diagnostics 
was  placed  on  Model  6  ( 2X  standard  taper).  These  data  points  are 
plotted  in  Figure  13  with  the  jet  ionization  pin  and  target  foil 
switch  data.  Target  penetration  occurred  at  times  similar  to 
those  measured^  in  the  LS-4  experiment.  The  calculated  penetrat¬ 
ing  jet  velocity  in  the  LOS  model  of  0.57  cm/us  is  consistent 
with  the  LS-4  data. 

3.6  TARGET  DAMAGE 

All  of  the  aluminum  targets  were  recovered  from  this  experi¬ 
ment.  The  crater  depths  and  volumes  were  measured  and  photo¬ 
graphs  taken  before  and  after  sectioning  the  targets.  The  meas¬ 
ured  penetration  depths  and  volumes  are  summarized  in  Table  3 . 
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Figure  15.  Comparison  of  quartz  pressure  gage  signal  recorded  for  .Models  1,  6,  and  7  on 
Experiment  LS-5. 
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Just  prior  to  firing  the  test,  a  number  of  the  targets  were 
removed  from  the  LOS  pipes  and  the  condition  of  the  LOS  pipes  was 
evaluated.  This  evaluation  was  undertaken  because  of  the  misfire 
that  occurred  on  the  first  attempt  to  detonate  the  nitromethane 
sphere.  The  conditions  observed  are  noted  in  Table  3.  Of 
particular  importance  is  the  fact  that  Models  1  and  20  had  very 
poor  vacuums,  a  condition  we  suspect  was  caused  by  water  vapor. 
The  target  on  Model  20  was  easily  removed  and,  upon  examination, 
was  found  to  contain  water  drops.  The  target  was  dried  out  and 
reattached,  but  the  vacuum  remained  poor  (>  1000  microns). 

Model  1  was  not  inspected  because  of  extreme  difficulty  in 
removing  the  bolts  from  the  mounting  flange.  Both  of  these 
models  were  placed  on  a  separate  vacuum  pump  so  as  not  to  compro¬ 
mise  the  vacuum  on  the  other  models.  The  probable  source  of 
water  leakage  on  Model  1  was  through  the  jet  velocity  pins  that 
penetrated  the  pipe  wall,  and  the  leakage  on  Model  20  was 
probably  through  the  welded  seam. 

The  other  models  that  showed  the  most  significant  deviations 
were  those  that  used  heavy  expansion  chambers  requiring  supports 
to  the  bottom  of  the  tank  floor.  The  firing  of  the  MDF  on  the 
initial  attempt  to  conduct  the  test  provided  sufficient  impulse 
into  the  models  that  even  the  targets  were  displaced  a  few  centi¬ 
meters  when  they  were  not  bolted  to  the  LOS  pipe  models.  This 
misfire  was  most  unfortunate,  and  the  perturbations  to  some  of 
the  LOS  pipes  tend  to  confuse  the  results. 

3.6.1  Standard  Model  (Model  1).  One  of  the  most  surprising 
results  of  this  experiment  was  that  from  Model  1.  From  all  indi¬ 
cations  obtained  from  jet  velocity,  target  arrival  data,  and 


pressure  gage  records,  the  target  damage  for  this  model  should 
have  shown  target  penetration  similar  to  that  obtained  from  the 
eight  standard  models  tested  in  previous  experiments.  However, 
as  shown  in  Figure  16,  there  was  little  damage  in  the  central 
region  of  the  target.  The  outline  of  the  mounting  flange  is 
clearly  imprinted  on  the  target  face  along  with  other  damage 
occurring  during  late  time  launch  of  the  target.  The  previous 
average  penetration  depths  and  volumes  for  similar  models  were 
4.85  cm  and  17.8  cm^,  respectively.  As  stated  previously,  this 
model  had  a  poor  vacuum,  which  we  speculate  was  caused  by  water 
vapor  leakage  through  the  jet  velocity  pins.  How  much  water  was 
present  is  unknown  because  the  model  and  target  were  not  disas¬ 
sembled  prior  to  our  firing  the  experiment. 

3.6.2  0.375-Degree  Half-Angle  (STD)  Taper  Models  (Models  2, 
3,  4,  19 >  and  20 ) .  Models  2  and  3  had  0.  375-degree  tapers  with 
no  internal  helices.  They  both  showed  maximum  depths  of  3.5  cm; 
the  volume  was  11.0  cm^  for  Model  2  and  17.7  cm^  for  Model  3. 

The  craters  were  of  a  ring-like  character  with  the  maximum  dia¬ 
meter  approximately  equal  to  the  diameter  of  the  tube  at  the 
target. 

Model  4  contained  a  loose  helix  with  a  fixed  width  and  pitch 
distance  similar  to  that  used  in  the  previously  tested  straight 
tubes.  The  crater  damage  was  reduced  to  1. 0-cm  depth  and  1. 5-cm^ 
volume;  however,  this  amount  of  residual  damage  was  significantly 
more  than  measured  for  straight  tubes,  where  the  volume  was 
usually  less  than  0.3  cm^.  The  character  of  the  crater  was 
dramatically  changed  from  circular  to  axial,  possibly  suggesting 


Figure  16.  Photograph  of  target  damage  caused  by  the  standard  straight  model  (Model  7) 
—  Experiment  LS-5. 
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that  the  jet  was  redirected  to  the  center  or  that  the  crater 
could  be  caused  by  the  collapse  of  the  helix  itself.  The  targets 
from  Models  2,  3,  and  4  are  compared  in  Figure  17. 

Model  19  was  very  similar  to  the  helix  proposed  for  the 
HURON  LANDING  event.  The  Model  19  helix  differed  from  the  helix 
used  in  Model  4  in  that  helix  width  and  pitch  distance  increased 
in  proportion  to  the  tube  diameter.  The  target  damage,  similar 
to  that  for  Model  4,  had  a  depth  of  0.9  cm  and  a  volume  of 
1.3  cm^ .  These  data  suggest  that  either  helical  design  shown  in 
Figure  18  should  be  equally  effective  in  reducing  pipe  flow 
damage  but  not  to  the  extent  anticipated  from  the  straight  pipe 
data . 


We  tested  Model  20  to  evaluate  whether  a  thick  lead  helix 
wound  on  the  outside  of  the  tapered  pipe  would  reduce  target 
damage  by  directly  altering  the  collapse  process  of  the  pipe. 
Figure  19  shows  that  there  is  less  target  damage  compared  to  a 
similar  model  with  no  asymmetries.  The  character  of  the  target 
crater  is  no  longer  ring-like.  It  is  highly  likely  that  this 
model  contained  some  water,  but  the  effect  that  the  water  had  on 
the  results  cannot  be  determined,  it  should  be  repeated  that  for 
Model  1,  which  we  also  suspect  contained  water,  target  damage  was 
totally  eliminated. 

3.6.3  0.75-Degree  Half-Angle  Taper  (2X)  Models  (Models  5, 

6 ,  7 ,  and  11 ) .  Models  5  and  6  with  2X  taper  models  contained  no 
asymmetries.  Penetration  depths  of  3.7  and  2.8  cm  and  volumes  of 
20  .3  and  14  .8  cm-^  were  similar  to  those  recorded  for  the  standard 
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MODEL  4  (Std.  Taper/Helix) 


MODEL  19  (Std.  Taper /HURON  LANDING  Helix) 


Figure  18.  Comparison  of  target  damage  from  Model  4  (std.  helix)  and  Model  19 
(HURON  LANDING  helix). 
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MODEL  20  (Std.  Taper/External  Lead-Foam  Helix) 


Figure  19.  Comparison  of  target  damage  from  Model  2  (standard  taper)  and  Model  20 
(standard  taper/extemal  lead-foam  helix). 


taper  models.  The  principal  difference  was  that  the  ring  crater 
outer  diameter  increased  to  a  diameter  approximately  equal  to 
that  of  the  tube  diameter  at  the  target. 

The  use  of  a  helix  on  Model  7  decreased  the  total  penetra¬ 
tion  to  1.4  cm  with  a  volume  of  3.2  cm^.  Again,  damage  was 
primarily  confined  to  the  central  portion  of  the  target.  Target 
damage  for  Models  5,  6,  and  7  is  shown  in  Figure  20. 

Model  11  used  rings  instead  of  a  helix  as  tne  asymmetry. 

The  resultant  target  damage  of  1. 0-cm  penetration  with  a  volume 
of  5.3  cm^  was  a  little  larger  than  that  for  the  models  with  a  2X 
taper  helix  but  not  significantly  so.  These  data  suggest  that 
helices  are  slightly  better  than  rings  in  attenuating  the  high 
energy  jet.  Target  damage  for  this  model  is  compared  in 
Figure  21  with  the  target  from  Model  7,  which  had  a  helix. 

3.6.4  1.5-Degree  Half-Angle  Taper  ( 4X )  Models.  Target 
damage  from  the  1.5-degree  half-angle  models  is  shown  in 
Figure  22.  Recorded  depths  were  3.2  and  2.  4  cm  for  Models  8  and 
9,  respectively,  and  the  volumes  were  18.2  and  18.8  cm^,  not 
significantly  different  from  damage  measured  for  the  models  with 
smaller  tapers. 

The  model  with  a  helix  (Model  10)  did  not  show  any  reduction 
in  target  damage.  The  crater  volume  was  19.3  cc .  Again,  as  with 
the  standard  tapered  models,  the  damage  was  in  the  central  por¬ 
tion  of  the  target  and  not  shaped  like  a  ring. 
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MODEL  7  (2X  Taper) 


Figure  21.  Comparison  of  target  damage  from  Model  7  (2X  taper)  and  Model  11 
(2X  taper/rings). 


These  data  suggest  that  the  helix  is  becoming  less  effective 
as  the  model  taper  is  increased.  The  helix  changes  the  damage 
from  a  ring-like  crater  to  central  damage,  which  could  actually 
be  caused  by  the  collapse  of  the  helix  itself. 

The  photograph  shown  in  Figure  23  compares  the  target  damage 
for  a  straight  tube  (Model  1  of  LS-4)  with  the  three  different 
tube  tapers. 

3. 6. 5  Straight  Tubes  with  Asymmetries.  The  results  of  the 
tests  of  the  straight  tubes  with  asymmetries  were  somewhat 
surprising,  and  any  conclusions  must  be  conditioned  somewhat 
because  of  model  misalignment  and  damage  that  occurred  when  the 
experiment  misfired.  The  results  of  these  tests  are  to  be 
compared  with  previous  tests  with  helices,  which  produced  crater 
volumes  of  less  than  0.3  cm^. 

Model  13,  with  an  internal  helical  soldered  wire  as  the 
asymmetry  showed  no  reduction  in  jet  penetration  (see  Fig¬ 
ure  24).  These  data  suggest  that  a  thin  width  asymmetry  inside 
the  tube  is  insufficient  to  attenuate  the  jet. 

The  helix  for  Model  14  was  soldered  to  the  wall  to  determine 
the  effect  of  firmly  attaching  the  helix.  In  previous  experi¬ 
ments  the  helices  were  loosely  placed  in  the  tubes.  The  result¬ 
ant  crater  depth  of  1.2  cm  and  volume  of  0.6  cm^  shown  in  Fig¬ 
ure  24  would  indicate  that  some  motion  of  the  helix  prior  to  jet 
arrival  is  required  to  cause  total  jet  attenuation.  This  pene¬ 
tration  crater  volume  was  much  smaller  than  the  average  of  the 
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MODEL  13  (Soldered  Wire  Helix) 


MODEL  14  (Soldered  Helix) 


Figure  24.  Comparison  of  target  damage  from  standard  straight  models  with  a  wire  helix 
(Model  13)  and  a  standard  helix  soldered  to  the  tube  (Model  14). 


volumes  from  the  standard  LOS  pipe  models,  however,  indicating 
that  tipping  of  the  helix  into  the  flow  is  not  the  sole  attenua¬ 
tion  mechanism. 

Model  15  had  loose  rings  as  the  asymmetry  to  compare  the 
results  with  loose  helices.  The  target  crater  depth  of  4,3  cm 
and  volume  of  5.0  cm^  suggest  that  rings  are  not  as  effective  as 
helices,  similar  to  the  results  with  tapered  pipe  models. 

Model  12  was  fabricated  with  solid  rings  to  further  evaluate 
whether  motion  of  the  asymmetry  prior  to  the  high  energy  jet 
arrival  was  important  in  jet  attenuation.  The  resultant  crater 
depth  of  4.3  cm  and  volume  of  5.0  cm^  were  similar  to  those 
observed  for  Model  15  (loose  rings),  providing  further  evidence 
that  motion  of  the  asymmetry  is  required  for  effective  jet  atten¬ 
uation.  A  significant  dogleg  (~  1.9  cm)  in  this  model  occurred 
where  the  straight  section  of  the  pipe  was  attached  to  the  ring 
asymmetry  section.  No  estimate  of  the  effect  of  the  dogleg  on 
the  results  can  be  readily  made.  The  crater  damage  for  these  two 
targets  is  shown  in  Figure  25. 

Model  16  used  an  expansion  chamber  with  rings  protruding 
slightly  below  the  inside  surface  of  the  straight  tube  section. 

In  the  LS-4  experiment,  a  similar  model  was  tested  except  that 
the  inner  diameter  of  the  rings  was  the  same  as  the  inner  diam¬ 
eter  of  the  tube.  In  that  test,  little  attenuation  of  the  jet 
occurred.  The  target  for  this  model,  however,  showed  rather  good 
reduction  in  the  crater  damage.  The  recorded  crater  depth  was 
0.7  cm  with  a  volume  of  0.8  cm^.  The  result  of  this  test  is  not 


55 


Figure  25.  Target  damage  from  Models  15,  12,  ainl  16  for  the  LS  5  Experiment. 


consistent  with  the  results  observed  for  Models  12  and  15,  where 
much  larger  craters  were  measured,  and  cannot  be  readily 
explained.  The  target  from  this  model  is  shown  in  Figure  25. 

3.3.6  Two-Thirds  Diameter  Models  (Models  17  and  18). 

Models  17  and  18  used  tubes  whose  diameters  were  two-thirds  of 
the  diameters  of  standard  pipes  previously  tested.  Model  17 
produced  a  crater  10.1  cm  deep  with  a  volume  of  7.7  cm^.  The 
depth  of  Model  18  was  5.1  cm  with  a  volume  of  9.4  cm^.  The 
depths  were  above  the  average  recorded  for  standard  diameter 
pipes  while  the  volumes  were  below  the  average,  slightly  beyond 
one  standard  deviation.  As  can  be  seen  from  the  target  photo¬ 
graphs  shown  in  Figure  26,  the  crater  shapes  are  quite  different 


SECTION  4 


SUMMARY  OF  RESULTS 


The  major  findings  of  the  LS-5  experiment  were: 


»  The  penetration  craters  formed  by  the  tapered  LOS  pipe 
models  were  similar  in  volume  to  the  standard  straight  r/)S 
pipe  craters,  but  all  had  a  distinct  rinq-like  character 
with  the  ring  diameter  corresponding  to  the  pipe  diameter 
at  the  target.  This  finding  suggests  that  the  penetrating 
jet  flows  along  the  wall  of  the  LOS  pipe . 

•  Internal  helices  are  slightly  less  effective  in  eliminat¬ 
ing  target  damage  in  LOS  pipes  with  a  0.375-degree  half¬ 
angle  taper  than  in  straight  LOS  pipes.  They  become  less 
effective  in  attenuating  the  jet  as  the  taper  angle 
increases,  becoming  totally  ineffective  at  a  1.5-degree 
half-angle.  The  craters  are  no  longer  ring-like,  however, 
with  damage  located  in  the  center  of  the  target. 

•  The  HURON  LANDING  helix  (variable  width  and  pitch  dis¬ 
tance)  was  as  effective  as  the  standard  helix  (constant 
width  and  pitch  distance)  in  eliminating  target  damage. 

•  A  standard,  straight  tube  LOS  model  (Model  1)  without  any 
internal  asymmetry  to  attenuate  the  penetrating  jet  pro¬ 
duced  no  crater  (Model  1).  This  surprise  result  is 
contrary  to  results  obtained  on  four  previous  experi¬ 
ments.  It  was  known  prior  to  the  test  that  this  model 
could  not  be  evacuated  to  the  normal  0  .1-micron  vacuum  and 
probably  contained  some  amount  of  water  vapor  or  liquid. 

It  is  not  known  at  this  time  if  water  in  the  pipe  will 
indeed  act  as  such  an  effective  attenuator. 


•  Helical  and  ring  asymnetries  are  less  effective  when 
firmly  attached  to  the  wall  of  straight  tube  LCS  models. 

•  Helices  appear  to  be  more  effective  than  rings  in  attenu- 
atinq  high  energy  jets. 

In  addition  to  the  findings  given  above,  additional  results 
were  obtained  from  the  active  instrumentation  placed  on  selected 
models  and  targets.  The  test  bed  TOA  data  showed  that  the  test 
bed  was  well  saturated.  Gaseous  jet  velocities  were  obtained 
that  were  consistent  with  valid  data  from  previous  experiments. 
Jet  pressure  signatures  obtained  were  not  interpretable .  Flat 
foil  switches  placed  on  the  target  appear  to  provide  good  TOA 
data  for  the  gaseous  jet  but  do  not  report  interpretable  TOA  data 
for  the  penetrating  jet  consistent  with  target  penetration  data. 

Most  surprising  was  the  fact  that  all  electronic  measure¬ 
ments  recorded  for  Model  1  (standard  straight  tube  v^^ithout  any 
asymmetry)  indicated  that  a  normal  crater  should  have  formed.  Mo 
crater  was  observed  on  the  recovered  target. 
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